Specific questions about intron evolution are precisely addressed applying a phylogenomic approach to suitable gene families. With this approach we have recently reported that the appearance of most human tetraspanins occurred in the common ancestor of vertebrates and coincides in nearly all cases with the concomitant acquisition of new introns. We observed that indels at the ends of the DNA exonic sequences with no involvement of the corresponding intronic sequence, were the cause of two discordant intron positions between orthologous tetraspanins. Here, we discuss a putative intron sliding occurrence in which a new acquired intron junction (intron 1a) in the ancestor of chordates could have been shifted to new positions (introns 1b and 1c) during the expansion of the tetraspanin family in vertebrates. Such a mechanism could be responsible for generating some of the variation of function in this important family of membrane spanning proteins.
Specific questions about intron evolution are precisely addressed applying a phylogenomic approach to suitable gene families. With this approach we have recently reported that the appearance of most human tetraspanins occurred in the common ancestor of vertebrates and coincides in nearly all cases with the concomitant acquisition of new introns. We observed that indels at the ends of the DNA exonic sequences with no involvement of the corresponding intronic sequence, were the cause of two discordant intron positions between orthologous tetraspanins. Here, we discuss a putative intron sliding occurrence in which a new acquired intron junction (intron 1a) in the ancestor of chordates could have been shifted to new positions (introns 1b and 1c) during the expansion of the tetraspanin family in vertebrates. Such a mechanism could be responsible for generating some of the variation of function in this important family of membrane spanning proteins.
Intron sliding (IS) is defined as a relocation or shift of an intron to a different position of a gene over a short distance of base pairs. Although intron sliding has been suggested as highly likely in certain situations, IS has been considered an infrequent phenomenon, since imperfect protein alignments can be used to explain most of the observed putative IS occurrences. In addition, it is thought that the sliding event needs two simultaneous mutations to occur. [1] [2] [3] Recently a new mechanism of IS formation has been proposed that does not rely on simultaneous mutation events and could explain the frequently observed alignment gaps near exon-intron junctions as well as discordant intron positions over short distances in homologous proteins. 4 This new mechanisms may explain the short deletions (indels) we observed near the intron-exon junctions in two cases of discordant intron positions in orthologs of the CD81 and TSPAN14 tetraspanins. 5 In the cases we reported, we compared highly conserved intron DNA sequences from closely related orthologs. We ruled out exonization or intronization (the assimilation of adjacent intronic sequences into an existing exon or exonic sequences into a existing intron) as a factor in the discordant intron-exon junctions. 5 Additionally, this mechanisms of IS formation 4 could explain a puzzling intron discordant distribution of new introns 1a, 1b and 1c in two clusters of tetraspanin paralogs CD9/TSPAN2/CD81 and TSPAN8/ CD82/CD37 (Fig. 1) .
Tetraspanins (tetraspan or TM4SF) are broadly expressed integral membrane proteins with 33 paralogs in the human genome. Animal tetraspanins are classified in four large families; 6 the CD family of tetraspanins contains all CD tetraspanins except CD63 and has several well defined clusters such as the CD9/TSPAN2/ CD81 cluster, which is of chordate origin (525 Mya; 7 ), and the TSPAN8/CD82/CD37 cluster that appeared later in the common ancestor of vertebrates (450 Mya; 6, 8 ) .
Using a phylogenomic approach we were able to identify the temporal distribution of the origins of the 19 introns that have been conserved in the above mentioned 33 human tetraspanin paralogs. 5 Of these 19 introns, 9 are phase 0 ancestral introns we called 1, 2, 3, 4, 4a, 4b, 4c, 5 and 6, that appeared before the common ancestor of Bilateria (i.e., before the split of protostomes and deuterostomes), the remaining 10 introns are of more recent origin appearing in the deuterostome branch and, unlike the older introns, most of them are of phases 1 or 2 (introns can be located between or within codons: introns of phase 0 are located between codons, while introns of phases 1 or 2 are within codons and break the reading frame). Intron 1a is present in the CD9/TSPAN2/CD81 tetraspanins cluster between ancestral introns 1 and 2 ( Fig. 1) , and is the oldest human homolog of these 10 more recent deuterostome specific introns. This intron can be inferred to exist in the common ancestor of urochordates (Ciona intestinallis ; Fig. 1) ; intron 1b in TSPAN8 and intron 1c in CD82/CD37 tertraspanins appeared later in the tree of life in the common ancestor of vertebrates (5; Fig. 1) .
Tetraspanins from the nonvertebrate deuterostome Ciona (sea squirt) might be basal to multiple ortholog groups as a result of duplication events in the vertebrates. Groups such as vertebrate TSPAN8 and CD82/CD37 could be derived from these as our phylogenetic analysis revealed, although with low robustness at the base. 6 If the Ciona CD9/TSPAN2/CD81 tetraspanins, which have intron position 1a, are ancestors of TSPAN8/CD82/ CD37 tetraspanins, then the appearance of introns 1b and 1c in vertebrates tetraspanins TSPAN8/CD82/CD37 can be explained by at least one or two events of intron loss and two events of intron gain. Since both intron loss and gain in vertebrates is a rare phenomenon, 1, 5 and these three or four events of intron gain/loss occurred in close paralogs which will make the process even more infrequent, the view of introns 1b and 1c being a relocation of intron 1a during the expansion of tetraspanins in vertebrates seems highly plausible.
Since the new mechanisms of IS proposed 4 allows for the presence of transcripts with premature termination codons during the process of IS, it allows for the change of the phase of an intron during an IS event. To fully ascertain the process of the tetraspanin intron 1a putative sliding, more species' tetraspanins need to be analyzed. Because genes, including tetraspanin genes, 9 are selectively lost in some species, some events that are used to reconstruct evolutionary history could be missed as a result of the sparse taxonomic sampling we used for these analyses. In addition, we cannot rule out the possibility of introns arising more than once in the same position of a gene. 10 However, a phylogenomic approach of this phenomenon in a suitable protein family such as the tetraspanins (provided a sufficient number of representative species are available) can be extremely useful in the study of IS occurrence.
